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IIWESTIGATIOM OF TIIE EFFECTS OF' IONIZING RADIATION --- -- 

This repor t  i s  a b r i e f  descr ip t ion  of research progress during 
L 

the  per iod J u l y  19, 1963 t o  October 18, 1963 upon the  program: 

" Inves t iga t ion  of t h e  Effects  of Ionizing Radiation on 
the  Cent ra l  Nervous System i n  Vivo and i n  Vitro."  

The per iod re fer red  t o  c o n s t i t u t e s  the  f i rs t  qua r t e r  of a twelve 

month research program pursued under NASA and Lockheed-California 

Company support ,  i n  accor&nce wi th  Contract ?io. NASw-787, dated  

J u l y  19, 1963. 

The research has been performed by the  Lockheed-California 

Company, Biophysics Research Division, located a t  801 No. Moraga 

Drive, 50s Angeles 49, California;  telephone nmbers :  BRadshaw 2-5553 

and GRanite 6-1956. The p r inc ipa l  i nves t iga to r s  a r e :  

Dr. Eberhardt Sauerland, M.D.,  and 

D r .  Robert Gordee, Microbiologist .  

During the  per iod of the f i rs t  quar te r ,  e f f i c i e n t  labora tory  - 
arrangements vere es tab l i shed .and  experimentation was begun. 

c l a r i t y  i n  report ing,  t he  program progress i s  descr ibed i n  two p a r t s :  
For 

Part I: The Effects  of Ion-izing Radiation on the  Central  Mervous 
System of X-Irradiated Cats and Rats. 

Pa r t  TI : The E l e c t r i c a l  Charac t e r i s t i c s  Associated with Neu1.o- 
physiological  Processes of Neurons and Neuroglia i n  -Tissue 
Culture, and t h e  Subsequent Ef fec ts  of Ioniz ing  RadLatim. 
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P a r t s  I and I1 of the  program of research  have each been f u r t h e r  

sub-divided i n  the  descr ip t ion  which follows, i n to :  (A)  accounts of 

technological  progress,  and (B). WLts of experiinental program 

research.  

I.? 

Par t  I: The Effec ts  of Ionizing Radiation on the  Cent ra l  Nervous 
System i n  X-Irradiated Cats and Rats. 

A .  Technological Progress 

The neurophysiology labora tory  used i n  the  research  i s  

f u l l y  opera t iona l .  A doubly-shielded operat ing and recording room 
with a heavy v ib ra t ion - f r ee  t a b l e  provides a means vhereby program 

experiments can be conducted wlthout e l e c t r i c a l  o r  mechanical d i s -  

turbance from extraneous sources. 

Two Grass square-wave t i s s u e  s t imula tors  w i t h  i s o l a t i o n  

unTts, 1 Grass pho to - s t imla to r ,  3 Tektronix low level prearnplif iers, 

2 Tektronix type 360 ind ica tors ,  2 Tektronix type 5'32 dual  beam 

osci l loscopes,  1 Grass model C-4 osc i l loscope  xecording camera, and 

1 lilnemotron model "CAT" Bfological computer were l inked together  

t o  form a f u l l y  synchronized s t imula t ing  and r e c o r d h g  system. 

k ,iv! 

, EEG records are made on a Grass 8-channel EEG-machine, 

or can he s to red  on nagnetic tape  by means of a 4-channel FM-tape- 

recorder .  Furthermore EEG, ECG, DC po ten t i a l s ,  and o ther  b i o e l e c t r i c a l  

2arameters can be recorded through a Sanborn 8-ckiannel polyrecorder.  
t 

A l l  equipment ha5 been c a r e f u l l y  ca l ib ra t ed ,  and system 

funct ion  thoroughly t e s t e d  i n  numerous experiments. 

B. Experimental Progress 

TO da te ,  s i x  chronic animals ( c a t s )  were operated upon, 

and proper s u r g i c a l  techniques have been es tab l i shed .  

recording and s t imula t ing  electrodes were i n se r t ed  i n t o  var ious areas 
Deep b ipolar  
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of the  brain,  including t h e  hippocampus, b a s a l  forebrain regions,  

r e t i c u l a r  f o m t i o n ,  thalamic nuclei ,  and the amygdala. A l l  leads 

including those from supe r f i c i a l  a r eas  f o r  converttianal EEG records 

vere  soldered t o  a sub-miniature connector, and the e n t i r e  asseinbly 

was then permanently attaohed t o  t h e  s k u l l  of each animal. 

but one. survived, and recuperation was exce l len t .  

A l l  c a t s  

Pre- i r rad ia t ion  EEG records were obtained from a l l  

animals. I n  addi t ion,  t h e  nature of evoked p o t e n t i a l s  af ter  audi tory  

c l i c k s  and v i s u a l  s t imul i  have been s tudied  i n  two animals with the 

aid of the  "Cmputer of Average Transients"  (CAT). 
Two animals received (250 k v )  head X-irradiat ion,  the  

i 
f i rs t  a t  8 dose l e v e l  of 4,000 r, the second a t  2,000 r. Both 

ani.nals displayed s ign i f i can t  neuropathological symptoms and chunges 

li i n  bra in  e l e c t r i c a l  parameters. 

I ., At the present  t i m e  data are being processed, and f u r t h e r  
92 

chronic e lectrode implantations and head X-irradiat ions a t  lower doses 

(1,030 r and below) a r e  scheduled. 

' "$> 
2 
? 
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P a r t  I1 : The E l e c t r i c a l  Charac te r i s t ics  Associated with Neuro- 
Physiological Processes of Neurons and Neuroglia i n  
Tissue Culture, and the  Subsequent Effects  of Ionizing 
Radi a t  i on. 

_ _  
I .r ~ 

A. Technological Progress 

The t i s s u e  cu l ture  laboratory f o r  t he  preparat ion and 

maintenance of explant cul tures  of the c e n t r a l  nervous system i s  now 

fully operat ional .  A l l  equipment, including a Wedco roller drum, has 
been i n s t a l l e d ,  ca l ibra ted ,  and func t iona l  perforlnance has been tested. 

The experimental arrangement fo r  studying the  a l e c t r o -  

physiology of neurons and neurogl ia l  c e l l s  includes sohie o f  the 

e lec t ronic  recording equipment described under Par t  I, A, together  

v-ith a L e i t z  Micromanipulator which makes f e a s i b l e  the introduct ion of 
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of three microelectrodes i n t o  an experimental  specimen. 

and filling g las s  dtxroelectroiles with t i p  diameters of l e s s  than one 

micron proceeds on a rout ine basis i n  the labora tory  work. 

Producing 

B. Zxperimental Progress 

U t i l i z i n g  the  "flying covers l ip"  methd of cu l tu r ing  

nervous t i s s u e  explants  with a medium cons is t fng  of 50$ Gey's balanced 

sa l t  solut ion,  45% inac t iva ted  c a l f  serum, and 5$ embryo e x t r a c t  

(8 day old chicken embyyo), and 1,000 u n i t s  of p e n i c i l l i n  per  mil l i l i ter ,  

outgrovth containing c e l l u l a r  components of the c e n t r a l  nervous system 

has been obtained. Outgrowth of explants  of 2 - 3 day old r a t s  pre- 

pared from the cerebellum, superior  c o l l i c u l u s ,  and d o r s a l  r o o t  

gangl ia  exhib i ted  t y p i c a l  neurons. 

i n  t h e  growth of explants  from the  ce reb ra l  cor tex .  To the present  

time the  c u l t u r e s  of do r sa l  yoot gangl ia  have produced the  g r e a t e s t  

nuxber of neurons. 

including corpus callosum, opt ic  t r a c t ,  and s p i n a l  cord of 19 - 11 
day old rats contained c e l l u l a r  elements t e n t a t i v e l y  i d e n t i f i e d  by 

phase-contrast  microscopy as neurogl ia .  

At tenpts  a r e  now in  progress t o  record  the r e s t i n g  and 

Neurons have not  been demonstrated 

Outgrowth of explant  c u l t u r e s  of v h i t e  mat ter  

ac t ion  p o t e n t i a l  of cul tured neurons and neurog l i a l  c e l l s .  
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